We consider the production of a 300GeV dilepton in very intense 4GeV electron scattering off of a lead target. The production cross-section and angular distribution of the resulting muons are calculated. There occur several such events per year, and their detection is rendered feasible by measurement of e + µ − µ − angular correlations.
It is generally assumed that to produce a very massive particle with a mass of, say, 300 GeV the best means is to employ a collider with center of mass energy well above the particle's mass and to search for its production as an on-shell state. While this is generally true, we find it worthwhile to examine whether virtual effects of the heavy particle can be detected in accelerators with much lower energy. This is motivated in part by the temporary absence of a 10 TeV hadron or 1 TeV lepton collider. The production cross-section will be suppressed at lower energy but this suppression can be compensated by higher luminosity.
In the present paper we consider, as an example, the production of the dilepton (a doublycharged gauge boson) predicted by the 331 model [1] . Our analysis is a generalization of one performed earlier [2] at high energies. First we shall evaluate the Feynman diagrams for the process e − p → e + pµ − µ − at general energies then we shall consider production in a multi-GeV highly-luminous electron beam scattering off a stationary nuclear target.
The basic process that we consider is e − p → e + pµ − µ − . The individual family lepton number violation is the reason this signal is so clear; there is no Standard Model background.
In order to compute e − p → e + pµ − µ − , we must first compute e − q → e + qµ − µ − . This cross-section is computed from the Feynman diagrams shown in Fig.(1) , the same as were considered in reference [2] . This cross section is then folded into the proton cross section by using the EHLQ [3] proton structure functions. Using the Feynman rules in reference [4] , the amplitudes for
These amplitudes are most easily evaluated by using the method of helicity amplitudes [5] , since it is a good approximation that all of the relevant fundemental particles are nearly massless even at √ s = 2.9 GeV. The helicity amplitudes are explicitly shown in reference [2] . The e − p → e + pµ − µ − is computed with the EHLQ structure functions (set 1),
The relevant cross section is
Now we consider several relevant values for √ s and M Y . We first consider scattering off an individual proton of an electron with beam energy on a stationary target ranging from 2 GeV up to 10 7 GeV; this covers everything from CEBAF(Continuous Electron Beam
Accelerator Facility) at the low end through HERA to LEPII-LHC at the high end. The result is depicted in Fig.( 2) for a dilepton mass of 300 GeV. We see that for the cross-section increases by some nine orders of magnitude between CEBAF center-of-mass energies and LEPII-LHC center-of-mass energies.
A comparision of the number of events expected per year at different colliders is as follows.
At √ s = 1790 GeV (LEPII-LHC) equivalent to E e = 1.7 × 10 6 GeV, the cross-section for a proton cut-off p ≤ 100 MeV is 0.015pb. The projected luminosity is 2 × 10 32 cm −2 s −1 = 6, 000pb −1 y −1 . This translates into 90 events/year. At √ s = 314 GeV (HERA) equivalent to E e = 5.2 × 10 4 GeV, the cross-section is 8 × 10 −6 pb. The luminosity is 1.6 × 10 31 cm −2 s −1 = 500 pb −1 y −1 . This translates into less than 10 −3 events/year. At HERA we confirm the conclusion of [2] that the event-rate is too small to have a realistic chance of discovering the dilepton. This is because the center-of-mass energy was unfortunately chosen too low.
At √ s = 2.9 GeV (CEBAF) equivalent to E e = 4 GeV, the cross-section is 9 × 10 −11 pb.
At CEBAF the relevant process is not This translates into between 1 and 100 events/year depending on the value of M Y .
Of the planned machines, the LEPII-LHC ( which is, presumably, at least a decade in the future ) would likely be the first e − N device which would be comparable to CEBAF for dilepton discovery. Thus, for the remainder of this article we shall focus specifically on the latter case. We shall consider: (i) background estimation, (ii) angular dependence of the muon and positron decay products, (iii) the effects of increasing the beam energy from 4 GeV to 8 or 10 GeV, and (iv) the dependence of the total cross section on the dilepton mass M Y .
(i) Background Estimates.
We are proposing to detect the process e
there will be a large number of muons arising from pion decay. A typical pion multiplicity at CEBAF energy (4 GeV e − on nucleons) is ∼ 2 [7] and the cross-section is a little above 10µb. With the design luminosity of 10 39 /cm 2 /s [8] this implies on the order of 10 17 pions per year produced, about two-thirds of which are charged according to isotopic spin invariance.
Essentially all charged pions decay into muons.
Nevertheless, the process of interest, although it is at the level of only 1 to 100 events per year has several specific signatures, particularly the angular dependence of the produced muons and positron. With a triple coincidence of e + µ − µ − there is a realistic chance of detecting the dilepton signal. The key to the identification lies in the angular dependence of the products to which we now turn.
(ii) Angular Dependence.
Let the polar angles of the positron be (θ, φ) and those for the two muons be (α 1 , φ 1 ) and (α 2 , φ 2 ). One azimuthal angle is provided by the definition of a plane containing the initial beam direction, hence there are five independent angles describing the correlations of
Let us first focus on θ. The positron in e − p → e + µ − µ − X is preferentially produced forward in the center-of-mass frame as shown in Fig.(3) . So the first of our three coincidence triggers is on such a forward e + particle.
The relative angle between the two muons β depends on the polar angles according to:
Each µ − is produced approximately as 1 + cos 2 (α i ) in the center-of-mass frame, as indicated in Fig.(4) , and as intuitively expected by the slowness of the spin 1 dilepton in the center-ofmass frame at this low a beam energy. Finally, we need to see two µ − and the dependence on β is dependent on the relative azimuth of the muons. We find that the muons are preferentially emitted with β < π/2. This leads us to look at the relative angle between the positron and an emitted muon; this dependence is shown in Fig.(5) . Fig.(5) shows the probability that a muon is produced at the corresponding cos(α i ) with the relative azimuth between the positron and the muon of pi (solid line) or a relative azimuth of zero (dashed line), assuming that the positron was detected with .6 < cos(θ) < .8 (Its most probable values).
The physical interpretation of a typical event is as follows: the virtual dilepton is not quite at rest in the center-of-mass frame. The dilepton transverse momentum is approximately opposite to the positron transverse momentum because the proton final momentum tends to be nearly parallel to its initial momentum. When the highly virtual dilepton decays into the two muons they carry off its momentum. The dilepton momentum is nonrelativistic with respect to its mass,
Y , but this momentum is relativistic for all other particles concerned. These calculations were all performed with M Y = 300 GeV.
To confirm the consistancy of Figs.(3) - (5) Feynman diagrams for e − q → e + µ − µ − q Figure 2 .
Cross-section for e − p → e + µ − µ − p for beam enegies ranging from 2GeV to 10 7 GeV. The solid line is for transverse momentum p T ≥ 100 MeV. The dashed line is for p T ≥ 5 GeV. Angular correlation between the positron and a µ − with a relative azimuth of ∆φ = π (solid
